Mild disturbances are prevalent in the environment, which may not be easily notable but could have considerable ecological consequences over prolonged periods. To evaluate this, a field study was designed to examine the effects of very lightintensity lamb grazing on grassland soil microbiomes with different soil backgrounds. No significant change (P > 0.05) was observed in any vegetation and soil variables. Nonetheless, hundreds of microbial functional gene families, but not bacterial taxonomy, were significantly (P < 0.05) shifted. The relative abundances of both taxonomic markers and functional genes related to nitrifying bacteria were also changed. The observation highlighted herein, showing a high level of sensitivity with respect to functional traits (functionally categorized taxa or genes) in differentiating mild environmental disturbance, suggests that the key level at which to address microbial responses may not be "species" (by means of rRNA taxonomy), but rather at the functional gene level.
Earth's environment is continuously changing, owing to a variety of natural and anthropogenic events. A recent literature survey of 310 experimental and 68 observational investigations across a variety of habitats showed that taxonomic and functional compositions of microbiome were generally sensitive to environmental disturbances in the majority of those studies [1] . Closer examination showed that the observed shifts were usually associated with notable changes in environmental variables. However, many disturbances, e.g., introduction of low concentrations of persistent organic pollutants, are mild but may have detectable consequences in the long term [2, 3] . Those important disturbances are seldom examined by scientific communities because of limited time and the challenge to quantify significant effects of mild disturbances.
To address this, we initiated a field study with very lightintensity lamb grazing in the Xilinguole grassland, a representative temperate Eurasian grassland located in Inner Mongolia, China. In the last century, the grassland has undergone severe land degradation caused by overgrazing and aeolian soil erosion [4] . To restore this grassland, the local government has restricted grazing activities since 2000, resulting in a very light grazing intensity to the grassland. Carrying out in-depth investigation of the ecological consequences of light-intensity grazing is not only useful in addressing the fundamental scientific questions, but also helpful for developing proper land-use strategy of grasslands, which has broad environmental and economic impacts since livestock grazing is the predominant land-use activity in grasslands worldwide.
Here, we examine the effects of light-intensity lamb grazing under three conditions, alone or in combination with simulated aeolian soil erosion and deposition ( Figure S1 ). We examined a total of 15 plant and soil variables and found that no variable was significantly changed by grazing (P > 0.05, Table S1 ).
High-throughput sequencing of PCR amplicons of the 16S rRNA gene was carried out to examine bacterial taxonomy in soil samples, resulting in 17,111 sequences per sample affiliated with 474 genera (see Supporting Information for details). Principal coordinates analysis (PCoA) showed that the overall community compositions were unchanged (Fig. 1a) , which were also verified by the nonparametric dissimilarity test of adonis (P > 0.05, Fig. 1a ). Bacterial α-diversity was similar across all of samples (Table S2 ). Strikingly, no OTU was significantly changed (P > 0.05) in relative abundance after correcting for false discovery rate (FDR < 0.05).
A total of 31,309 genes affiliated to 676 gene families were detected by GeoChip 5.0, which contains 161,963 probes associated with a variety of microbial functional traits, such as carbon, nitrogen, phosphorus, and sulfur cycling [5] . Grazing clearly changed the overall microbial functional compositions (Fig. 1b) . In addition, grazing affected microbial functional compositions through interaction with soil erosion and deposition (Table S3 ). These results demonstrated that shifts in community functional gene profiles were more readily detectable than shifts in microbial taxonomy in response to the mild disturbances. Opposite to previous studies showing coupling between microbial phylogenetic and functional compositions [6, 7] , we observed no linkage between them (r = −0.06, P = 0.23). This reinforced the recently emerging framework that microbial function and taxonomy independently vary because they are shaped by markedly different processes [8] . Cumulative evidence has revealed that similar functions may be performed in distant clades, while members of the same clade can fulfill separate metabolic functions [8, 9] . Robust as the observation is, it is still subject to the influence of technical limitations. The sensitivity of GeoChip was similar to that of quantitative PCR [10] , regarded as the gold standard of nucleic acid quantification due to high specificity and sensitivity of the PCR. Therefore, GeoChip could be sensitive in detecting small differences in functional profiles. In addition, involvement of PCR amplification in 16S rRNA gene sequencing can inevitably lead to technical biases. The higher sensitivity of functional genes to light-intensity grazing might be attributed to a high dimensionality of functional profiles that leads to higher resolution, since a microbe typically has several thousands of functional genes in the genome. To test it, we examined single gene families detected by GeoChip. Out of a total of 676 gene families, 67%, 60%, and 65% of genes showed significant changes by light-intensity grazing at control, eroded, and deposited sites, respectively, suggesting that individual functional genes were still sensitive to mild disturbance (Table S4) . There was a tendency that more abundant genes were more sensitive to disturbance. Those genes that changed (P < 0.05) by light-intensity grazing included amyA encoding α-amylase associated with starch degradation; chitinase and acetylglucosaminidase associated with chitin degradation; cellobiase associated with cellulose degradation; trkGH and trkA encoding potassium transport system proteins; feoB encoding a ferrous iron transporter protein B; nifH encoding nitrogenase reductase required for nitrogen fixation; and ppx encoding exopolyphosphatase associated with polyphosphate degradation. These results suggest that microbial functional traits are more sensitive indicators of mild disturbance than 16S rRNA gene-based microbial taxonomy. Notably, only a few metabolic genes are as highly conserved as the 16S rRNA gene [11] , because their functions are often less essential than the critical role of 16S rRNA gene as a protein biosynthesis machinery component. The universal presence of 16S rRNA gene in bacteria allows it as a taxonomic marker. Nonetheless, the relatively high degree of conservation in 16S rRNA gene makes it difficult to detect small variations in sequences. Alternatively, environmental conditions strongly influence functional traits but only weakly influence microbial taxonomy [8, 12] , which is also observed in this study (Fig. 1) . It is thus conceivable that small environmental variation caused by mild disturbance can be more faithfully reflected by changes of functional traits.
Frequent horizontal gene transfer disconnects functional genes from phylogeny [13] . Therefore, we examined amoA gene encoding the active-site subunit of ammonia monooxygenase [14] , which is known to have rare horizontal gene transfer events [15] . We found that both amoA-AOA and amoA-AOB genes were altered by grazing (Fig. 1c and Table S4 ). Moreover, the amoA gene composition, from the phylum to the specie level, was significantly changed by grazing under control, eroded, and deposited conditions (the dissimilarity test of adonis, Table S5 ). We also examined nitrifying bacteria. A total of 23 Nitrospira, 4 Nitrobacter, and 17 Nitrosospira OTUs were identified. Nitrifying bacterial compositions were changed by grazing at the deposited site (PCoA, Fig. 1d ), which were also verified by the nonparametric dissimilarity test of adonis (P = 0.01). Total abundance of Nitrospira increased by 34% at deposited sites, while the other two genera remained unchanged by grazing.
Our results highlight the importance of microbial functional response to monitor environmental disturbance. By linking the microbial functional traits with the environment, using a functional trait-centric approach to measure and explain environmental responses is becoming particularly appropriate because it is evident now that many bacterial taxa do not fit neatly into current frameworks of functional guilds [16] . Functional classification of ecological communities could increase predictability in ecological studies, as taxonomically similar communities could be functionally distinct owing to functionally divergent evolution.
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